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1
ORGANIC ELECTROLUMINESCENT PANEL

TECHNICAL FIELD

The present invention relates to organic electrolumines-
cent panels (hereinaiter, also referred to as “organic EL

panels™). The present mvention specifically relates to top
emission organic EL panels.

BACKGROUND ART

Organic EL panels provided with an organic electrolumi-
nescent element (hereinatter, also referred to as an “organic
EL element”) utilizing the electroluminescence of an organic
material currently receive attention. The organic EL element
emits light by recombining holes injected from an anode and
clectrons injected from a cathode 1n a light-emitting layer
provided between the electrodes. When used as display
panels for thin profile display devices, the organic EL panels
are superior to liquid crystal display devices 1n characteris-
tics such as high contrast and low power consumption. The
organic EL panels are also expected to be used 1n applica-
tions other than display devices, such as lighting.

The organic EL element includes, in the order from the
substrate side, a lower electrode, an organic light-emitting
layer, and an upper electrode. A structure 1n which the lower
clectrode 1s a transparent conductive film, the upper elec-
trode 1s a metal layer, and the light 1s emitted from the lower
clectrode side 1s called a bottom emission (BE) structure. In
contrast, a structure 1n which the lower electrode 1s a metal
layer, the upper electrode 1s a transparent conductive film or
a semi-transparent metal film, and the light 1s emitted from
the upper electrode side 1s called a top emission (TE)
structure. Another structure 1s proposed i which the lower
clectrode and the upper electrode are transparent or semi-
transparent and the light 1s emitted from both sides.

Patent Literatures 1 to 9 disclose various stack structures
of the top-emission-structured organic EL element, for
example.

CITATION LIST

Patent Literature

Patent Literature 1: JP 20035-123094 A
Patent Literature 2: JP 2009-76929 A
Patent Literature 3: JP 2004-296410 A
Patent Literature 4: JP 2005-32618 A
Patent Literature 5: JP 2007-214228 A
Patent Literature 6: JP 2012-119724 A
Patent Literature 7: JP 2013-84554 A
Patent Literature 8: JP 2013-84413 A
Patent Literature 9: JP 2012-156529 A

SUMMARY OF INVENTION

Technical Problem

FIG. 8 1s a schematic cross-sectional view of a conven-
tionally usual top-emission-structured organic EL panel. An
organic EL panel R illustrated 1n FIG. 8 includes an organic
EL element 8 provided on a substrate 111. The organic EL
clement has a structure including, in the order from the
substrate 111 side, an anode 112, a hole 1njection layer, a
hole transport layer, a light-emitting layer, an electron trans-
port layer, an electron injection layer, and a cathode 113.
One layer may also possess the function of an adjacent layer.
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When an electric charge 1s mjected into and transported
through the organic layers, the highest occupied molecular
orbital (HOMO) level 1s used for the holes and the lowest

unoccupied molecular orbital (LUMO) level 1s used for the
clectrons. Injection of an electric charge from an electrode 1s
performed between the work function (WF) of the electrode
and the HOMO or LUMO level of the corresponding organic
layer. If the difference between the energy levels 1s large, this
difference serves as a barrier for injection and causes an
increase 1n the driving voltage. Thus, the electrode in contact
with the hole injection layer 1s preferably a p-type electrode
whose work function 1s close to the LUMO level, whereas
the electrode 1n contact with the electron mjection layer 1s
preferably an n-type electrode whose work function 1s close

to the LUMO level.

The cathode (upper electrode) 113 used in such a top-
emission-structured organic EL element 1s a transparent
conductive film, a semi-transparent metal film, or a laminate
of a semi-transparent metal film and a transparent conduc-
tive film, for example. This causes the following problems
(1) and (2).

(1) Electron Injectability

Maternials (e.g., ITO, IZ0) for a transparent conductive
film (transparent cathode) used as an upper electrode has a
large absolute value of the work function (about -5 eV).
Thus, there 1s a large gap between the work function and the
LUMO level of an electron transportable organic material
used for an electron injection layer (FIL) and an electron
transport layer (E'TL), so that electrons are not efliciently
injected.

(2) Damage on Transparent Conductive Film During For-
mation

A semi-transparent metal film 1s thin so as to secure the
transparency, but 1t may fail to secure the conductivity. If a
transparent conductive film 1s stacked on a semi-transparent
metal film so as to secure the conductivity, organic layers are
damaged during formation of the transparent conductive
film and the luminous eflicacy 1s markedly deteriorated. For
example, an ITO or 1Z0 film i1s formed by flat plate
sputtering, ion plating, electron beam (EB) evaporation, ion
beam sputtering, or the like. These methods are performed
in a vacuum, and the methods other than EB evaporation
improve the transparency and conductivity of the transparent
conductive film by slightly injecting oxygen during the film
formation. In any method, secondary electrons, plasma, and
the like are emitted during the formation. Such events cause
significant damages on the organic layers that have been
formed, and the functions of the respective layers are
deteriorated.

The present invention 1s devised 1n view of the above
situation, and aims to provide an organic EL panel capable
of increasing the luminous eflicacy and decreasing the
driving voltage of a top emission organic EL element.

Solution to Problem

The present inventors have performed various studies on
an optimal stack structure of the top emission organic EL
clement, and thereby found that a stack structure that
sequentially includes an electron transport layer, a first metal
layer, a p-type oxide layer, and a transparent cathode and
which 1s additionally provided with at least one of a mixture
layer of a p-type oxide and a hole transport material and a
second metal layer between the electron transport layer and
the transparent cathode 1s capable of increasing the luminous
ellicacy and decreasing the driving voltage. As a result, the
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present mventors have arrived at the solution of the above
problems and completed the present invention.
Specifically, one aspect of the present invention may be an
organic electroluminescent panel including: a substrate; and
an organic electroluminescent element provided on the
substrate, the organic electroluminescent element being a
top emission element that includes, 1 the order from the
substrate side: an anode; a light-emitting layer; an electron
transport layer; a first metal layer; a p-type oxide layer; and
a transparent cathode, the top emission element being con-
figured to emit light from the transparent cathode side, the
light-emitting layer and the electron transport layer each
being formed from an organic material, at least one of a
mixture layer of a p-type oxide and a hole transport material
and a second metal layer being provided between the
clectron transport layer and the transparent cathode.

Advantageous Effects of Invention

The organic EL panel of the present invention 1s capable
of increasing the luminous eflicacy and decreasing the
driving voltage of a top emission organic EL element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view of an organic
EL panel of Example 1.

FIG. 2 1s a correlation diagram of bands on the cathode
side of the organic EL panel of Example 1.

FIG. 3 1s a schematic cross-sectional view of an organic
EL panel of Example 2.

FIG. 4 1s a schematic cross-sectional view of a modified
example of the organic EL panel of Example 2.

FIG. 5 1s a schematic cross-sectional view of an organic
EL panel of Example 3.

FIG. 6 1s a schematic cross-sectional view of an organic
EL panel of Comparative Example 1.

FIG. 7 1s a schematic cross-sectional view of an organic
EL panel of Comparative Example 2.

FIG. 8 1s a schematic cross-sectional view of a conven-
tionally usual top-emission-structured organic EL panel.

DESCRIPTION OF EMBODIMENTS

The organic electroluminescence herein 1s also expressed
as “organic EL”. The organic EL element 1s an element that
1s also called as an organic light emitting diode (OLED).

The organic EL element of the present embodiment 1s a
top emission (TE) element. Thus, the upper electrode 1s a
transparent cathode. The top emission and the top emission
structure herein have only to mean a structure that 1s
configured to emit light from the upper electrode side, and
include a structure that 1s configured to emit light from both
the lower electrode side and the upper electrode side.

If layers (hereinafter, also referred to as “organic layers™)
that are formed from organic materials before the formation
ol a transparent cathode, such as a light-emitting layer and
an eclectron transport layer, are directly exposed to the
environment of forming a transparent conductive film con-
stituting the transparent cathode, the layers of organic mate-
rials are damaged. Examples of such damages include, in
terms of phenomena, oxidation 1n an organic layer so that the
layer 1s mnsulated, and 1n terms of characteristics, a great
increase in the driving voltage and a decrease 1n the current
clliciency 1n the organic EL element. If an organic layer 1s
heavily damaged, the organic EL element emits no light.
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4

In order to prevent such damages on the organic layers, a
layer for protecting the organic layers 1s required. Thus, the
present inventors have performed studies to find that various
advantages can be achieved by providing a stack structure of
clectron transport layer/first metal layer/p-type oxide layer/
transparent cathode for a top-emission-structured organic
EL element.

A first advantage of the stack structure 1s that damages on
the electron transport layer and the layers below the electron
transport layer can be prevented by mainly utilizing the
p-type oxide layer. The p-type oxide layer can maintain the
transparency thereof even 1f the layer 1s about 10 to 20 nm
thick, and thus can eflectively prevent damages on the
clectron transport layer and the organic layers below the
clectron transport layer during formation of the transparent
cathode (e.g., ITO).

A second advantage of the stack structure 1s that electrons
can be efliciently imnjected from the transparent cathode to the
clectron transport layer. The first metal layer, the p-type
oxide layer, and the transparent cathode are conductive
layers having electric charges 1n themselves. Thus, the
respective 1nterfaces are ohmic contact interfaces and can
transport the electric charges regardless of the difference
between the work functions. Specifically, the p-type oxide
layer has, as a charge generating layer, a function of trans-
porting electrons to the electron transport layer side and
holes to the transparent cathode side. Thus, 1n the case of
injecting electrons from the transparent cathode to the
clectron transport layer, only a barrier of the first metal layer
adjacent to the electron transport layer needs to be consid-
ered. When the absolute value of the work function of the
first metal layer adjacent to the electron transport layer 1s
equal to or lower than the LUMO level of the electron
transport layer, electrons can be 1njected without an increase
in voltage due to the barrier. The p-type oxide layer 1tself has
an electric charge, and thus can 1nject an electric charge to
the electron transport layer even 1f the surface thereof 1s
damaged by formation of the transparent cathode.

As mentioned above, the studies performed by the present
inventors prove that the stack structure i1s suitable 1n that
damages on the organic layers can be prevented during
formation of the transparent cathode and an element having
a small barrier for injection and a low driving voltage can be
achieved 1n a top-emission-structured organic EL element.
In order to achieve a drniving voltage equal to the driving
voltage of a bottom emission type having the same configu-
ration, further improvement for decreasing the driving volt-
age 1s still required.

In order to achieve this improvement, the present mven-
tors have found that damages during formation of the
transparent cathode can be more securely prevented and the
driving voltage can be further decreased while the transpar-
ency and the ohmic contact are maintained by additionally
providing at least one of a mixture layer of a p-type oxide
and a hole transport material and a second metal layer
between the electron transport layer and the transparent
cathode.

The atorementioned configuration of the stack structure of
clectron transport layer/first metal layer/p-type oxide layer/
transparent cathode additionally provided with at least one
of a mixture layer of a p-type oxide and a hole transport
material and a second metal layer between the electron
transport layer and the transparent cathode 1s a novel con-

figuration that 1s not disclosed 1n the Patent Literatures 1 to
9.

The present invention will be mentioned 1n more detail
referring to the drawings in the following examples, but 1s
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not limited to these examples. The configurations of the
examples may be appropriately combined or modified
within the spirit of the present invention.

Example 1

Example 1 relates to a configuration including a second
metal layer between the p-type oxide layer and the trans-
parent cathode.

FIG. 1 1s a schematic cross-sectional view of an organic
EL panel of Example 1. In an organic EL panel A 1llustrated
in FI1G. 1, an organic EL element 1 provided on a substrate
11 includes, 1n the order from the substrate 11 side, an anode
12, a hole injection layer HIL, a hole transport layer HTL,
a light-emitting layer EML, an electron transport layer ETL,
a first metal layer 21, a p-type oxide layer 22, a second metal
layer 23, and a transparent cathode 13.

The substrate 11 may be a glass substrate or a plastic
substrate, for example. If the substrate 11 1s a bendable
plastic substrate, a flexible organic EL panel i1s obtained.
Although not illustrated i FIG. 1, the substrate 11 1s
provided with a thin film transistor. The driving of the
organic EL element 1 1s controlled by electrically connecting
the thin film transistor to the anode 12.

In the organic EL panel A of the present example, the
anode 12 has light reflectivity and the transparent cathode 13
has light transmissivity. In other words, the organic EL
clement 1 of the present example 1s a top emission element
that 1s configured to emait light from the transparent cathode
13 side.

The anode 12 was a laminate (heremafter, also referred to
as “Al/1Z0”) of an aluminum (Al) layer and an indium zinc
oxide (1Z0) layer stacked 1n the order from the substrate 11
side. The anode 12 may be an electrode having light
reflectivity. In place of the above laminate, an Al layer or an
indium (In) layer may be used, for example. The anode 12
was 50 nm thick.

The hole imjection layer HIL was a layer (p-doped layer)
formed by co-deposition of 4,4'-bis[N-(1-naphthyl)-N-phe-
nyl-amino]-biphenyl (a-NPD) and molybdenum trioxide
(MoQO3) at a weight ratio of 80:20. The material of the hole
injection layer HIL may be the same organic HIL material as
used 1n usual organic EL elements. In place of the above
layer, a layer formed by co-deposition of an organic HTL
material other than a-NPD and MoQO; at a weight ratio of
80:20 may be used, for example. The hole 1njection layer
HIL was 40 nm thick.

The material of the hole transport layer HTL was o.-NPD.
The material of the hole transport layer HIL may be the
same organic HTL material as used in usual organic EL
clements. The hole transport layer HIL was 30 nm thick.

The light-emitting layer EML was a film formed by
ternary deposition of a host material (70% by weight), an
assist material (25% by weight), and a dopant (5% by
weight). The light-emitting layer EML was 60 nm thick.

The luminescent color 1s red. The material of the light-
emitting layer EML may be the same organic EML material
as used 1n usual organic EL elements.

The material of the electron transport layer ETL was
bathophenanthroline (Bphen). The material of the electron
transport layer ETL may be the same organic ETL material
as used 1n usual organic EL elements. The electron transport
layer ETL was 15 nm thick.

The first metal layer 21 was a lithium (L1) layer. The Li
layer was formed by deposition using an alkali dispenser.

The matenial of the first metal layer 21 may be any metal.
The first metal layer 21 formed of a metal can be ochmically
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connected to the p-type oxide layer 22. In order to efliciently
inject electrons to the electron transport layer ETL, the first
metal layer 21 1s preferably formed of a metal whose
absolute value of the work function i1s smaller than the
absolute value of the LUMO energy of the electron transport
layer ETL. The metal used for the first metal layer 21 1s
approprately selected 1n accordance with the material of the
clectron transport layer ETL, and examples of suitable
metals other than L1 include cestum (Cs), barium (Ba), and
calcium (Ca). Any of these metals may be used 1n place of
L.

The first metal layer 21 was 1 nm thick. The first metal
layer 21 may have any thickness, and 1s preferably 0.5 to 5
nm thick. If the thickness 1s smaller than 0.5 nm, the first
metal layer 21 may fail to sufliciently provide the function
thereof. If the thickness exceeds 5 nm, the film may be less
stable and the process of film formation may be less easily
controlled.

The p-type oxide layer 22 was a molybdenum trioxide
(Mo0QO,) layer. The MoO, layer was formed by vapor depo-
sition. The material of the p-type oxide layer 22 may be
vanadium(V) oxide (V,0O.), for example, 1n place of the
above material.

The p-type oxade layer 22 serves as a charge generating,
layer, and can be ochmically connected to the first metal layer
21 and the second metal layer 23. The p-type oxide layer 22
has a lower activity than alkali metals and alkaline-earth
metals used for improving the efliciency of electron injec-
tion 1n Patent Literature 3 (JP 2004-296140 A), and 1s hardly
damaged during formation of the transparent cathode 13.
Thus, formation of the p-type oxide layer 22 leads to
improvement of the electron imjection ability from the
transparent cathode 13 to the electron transport layer ETL.

The p-type oxide layer 22 was 5 nm thick. The p-type
oxide layer 22 may have any thickness, and 1s preferably 0.5
to 20 nm thick. If the thickness 1s smaller than 0.5 nm, the
p-type oxide layer 22 may fail to sufliciently provide the
function thereot. If the thickness exceeds 20 nm, the trans-
mitted light may be colored or the transmittance may be
insuilicient.

The second metal layer 23 was an aluminum (Al) layer.
The matenial of the second metal layer 23 may be any metal,
and 1s preferably a metal that 1s less likely to be oxidized
aiter the formation. Examples of such a metal other than Al
include silver (Ag) and gold (Au). For the first metal layer
21, the matenial thereof 1s preferably a metal whose absolute
value of the work function 1s smaller than the absolute value
of the LUMO energy of the electron transport layer ETL 1n
order to efliciently inject electrons to the electron transport
layer E'TL. In contrast, the material of the second metal layer
23 15 usually preferably a metal whose absolute value of the
work function 1s greater than that of the material of the first
metal layer 21 in order to achieve good reactivity.

The second metal layer 23 serves as a protecting layer
during the process of forming the transparent cathode 13,
and can remove damages on the layers below the second
metal layer 23. Since the p-type oxide layer 22 1s as thin as
5 nm, formation of the second metal layer 23 can more
sufliciently remove damages on the layers below the second
metal layer 23. Further, the second metal layer 23 can be
ohmically connected to the p-type oxide layer 22 and the
transparent cathode 13. Formation of the second metal layer
23 1nstead of thickening the p-type oxide layer 22 leads to
a low resistance value. Formation of the second metal layer
23 also more eflectively leads to an effect of micro-cavities.

The second metal layer 23 was 1 nm thick. The second
metal layer 23 may have any thickness, and 1s preferably 1
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to 20 nm thick. A thin second metal layer 23 1s advantageous
for easily transmitting light, whereas it 1s disadvantageous
for preventing damages on the layers therebelow during the
process of forming the transparent cathode 13, for reinforc-
ing the effect of micro-cavities (increasing the reflectance),
and for reducing the mterconnect resistance. If the intercon-
nect resistance 1s high and the area of the organic EL panel
A 1s large, a voltage drop of a pixel may occur.

The transparent cathode 13 was an indium tin oxide (ITO)
layer. The ITO layer was formed by sputtering deposition.
The maternial of the transparent cathode 13 may be an
clectrode having light transmissivity. For example, IZ0 may
be used in place of the aforementioned one. In order to
provide a top emission structure, the transparent cathode 13
1s required. The transparent cathode 13 was 100 nm thick.

In the present example, the L1 layer (first metal layer 21)
1s formed on the electron transport layer E'TL, the metal
oxide MoQO, layer (p-type oxide layer 22) 1s formed thereon,
and the Al layer (second metal layer 23) and the I'TO layer
(transparent cathode 13) are formed thereon. L1, MoO,, Al,
and ITO are conductive materials having electric charges 1n
themselves. Thus, they are ohmically connected to each
other and can smoothly transfer the electric charges. The
transier of these electric charges 1s described with reference
to FIG. 2. FIG. 2 1s a correlation diagram of bands on the
cathode side of the organic EL panel of Example 1. As
illustrated 1n FIG. 2, the p-type oxide layer 22 (MoO,, work
function: —5.8 €V) serves as a charge generating layer. When
a hole 1s injected from the transparent cathode 13 (ITO, work
function: -5.0 V) through the second metal layer 23 (Al,
work function: -3.7 €V), an electron can be 1njected to the
first metal layer 21 (L1, work function: -2.9 €V). As men-
tioned here, electric charges can be smoothly transported
from the transparent cathode (ITO) 13 to the first metal layer
21(L1). The LUMO level of the material constituting the
clectron transport layer ETL 1s =3.05 €V and 1s lower than
the work function (-2.9 eV) of the first metal layer 21 (L1).
Thus, the electron 1s 1njected from the first metal layer 21
(L1) to the electron transport layer ETL without any barrier.

The light-emitting layer EML and the electron transport
layer ETL are each formed from an organic material. In
contrast, L1 constituting the first metal layer 21 1s a metal,
MoO; constituting the p-type oxide layer 22 1s an 1norganic
oxide, and Al constituting the second metal layer 23 1s a
metal. Thus, the stack structure of the first metal layer 21, the
p-type oxide layer 22, and the second metal layer 23 can
sulliciently prevent damages during formation of the trans-
parent cathode (ITO) 13 and electrons can be 1njected from
the transparent cathode (ITO) 13 to the electron transport
layer ETL side without any barrier.

In addition to the above constitutional elements, the
organic EL element 1 of the present example may appro-
priately include a hole blocking layer and an electron
blocking layer, or may include a layer having two or more
functions, such as a hole injection and hole transport layer
prepared by integrating a hole injection layer and a hole
transport layer.

One modified example of Example 1 1s a structure having
the second metal layer between the first metal layer and the
p-type oxide layer. In this modified example, the organic EL
clement provided on the substrate 11 includes, 1n the order
from the substrate 11 side, the anode 12, the hole 1njection
layer HIL, the hole transport layer HTL, the light-emitting
layer EML, the electron transport layer ETL, the first metal
layer 21, the second metal layer 23, the p-type oxide layer
22, and the transparent cathode 13.
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Another modified example of Example 1 1s a structure
having the second metal layer between the electron transport

layer and the first metal layer. In this modified example, the
organic EL element provided on the substrate 11 includes, 1n
the order from the substrate 11 side, the anode 12, the hole
injection layer HIL, the hole transport layer HTL, the
light-emitting layer EML, the electron transport layer ETL,
the second metal layer 23, the first metal layer 21, the p-type
oxide layer 22, and the transparent cathode 13.

Example 2

Example 2 relates to a configuration having the mixture
layer between the p-type oxide layer and the transparent
cathode. An organic EL panel of Example 2 has the same
configuration as of Example 1 except that the second metal
layer 1n the organic EL element 1s replaced by the mixture
layer.

FIG. 3 1s a schematic cross-sectional view of the organic
EL panel of Example 2. In an organic EL panel B 1llustrated
in FIG. 3, an organic EL element 2 provided on the substrate
11 includes, 1n the order from the substrate 11 side, the anode
12, the hole injection layer HIL, the hole transport layer
HTL, the light-emitting layer EML, the electron transport
layer E'TL, the first metal layer 21, the p-type oxide layer 22,
a mixture layer 24, and the transparent cathode 13.

The mixture layer 24 1s formed from the same material as
the hole 1njection layer HIL used in Example 1. In other
words, the mixture layer 24 was a layer (p-doped layer)
formed by co-deposition of a-NPD and molybdenum triox-
ide (MoQO;) at a weight ratio of 80:20. Since a charge
transfer complex 1s formed by doping MoO;, which 1s a
p-type oxide, into a-NPD, the mixture layer 24 includes a
suflicient number of electric charges therein. Thus, the
interfaces among the transparent cathode (ITO) 13, the
mixture layer 24, and the p-type oxide (MoQ,) layer 22 are
ohmically connected with each other, and the electric
charges are smoothly transferred.

The muaxture layer 24 1s an organic-inorganic hybnd
material doped with a material (MoO,) having a low activ-
ity. Thus, the layer 1s less damaged during formation of the
transparent cathode (ITO) 13. If the p-type oxide layer 22 1s
thick, the layer may be colored (tinged), and 1f the thickness
1s several tens of nanometers, the layer may disadvanta-
geously be black. Still, the mixture layer 24 can advanta-
geously maintain the transparency even if the mixture layer
1s thick.

The amount of the p-type oxide (MoO,) in the mixture
layer 24 1s preferably 10 to 50% by weight, more preferably
15 to 25% by weight.

The mixture layer 24 was 175 nm thick. Even if the
mixture layer 24 1s thickened to about 200 nm, the layer does
not icrease the driving voltage. This 1s due to an eflect of
the electric charges included in the layer by the doping.
Further, as mentioned above, the mixture layer 24 can
maintain the transparency even 1if 1t 1s thick. As mentioned
above, the mixture layer 24, even 1i thickened, prevents an
increase in the driving voltage, and maintains the transpar-
ency, and forming such a film that enables electrically
conductive injection with adjacent layers without any bar-
rier, on the first metal layer 21 and the organic layers such
as the light-emitting layer EML and the electron transport
layer ETL, enables significant removal of damages during
formation of the ITO film.

One modified example of Example 2 1s a structure having,
the mixture layer between the first metal layer and the p-type
oxide layer. FI1G. 4 1s a schematic cross-sectional view of a
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modified example of the organic EL panel of Example 2. In
an organic EL panel C illustrated in FIG. 4, an organic EL

clement 3 provided on the substrate 11 includes, 1n the order
from the substrate 11 side, the anode 12, the hole 1njection
layer HIL, the hole transport layer HTL, the light-emitting
layer EML, the electron transport layer ETL, the first metal
layer 21, the mixture layer 24, the p-type oxide layer 22, and
the transparent cathode 13.

Another modified example of Example 2 1s a structure
having the mixture layer between the electron transport layer
and the first metal layer. In this modified example, the
organic EL element provided on the substrate 11 includes, 1n
the order from the substrate 11 side, the anode 12, the hole
injection layer HIL, the hole transport layer HTL, the
light-emitting layer EML, the electron transport layer ETL,
the mixture layer 24, the first metal layer 21, the p-type
oxide layer 22, and the transparent cathode 13.

Example 3

Example 3 relates to a structure including a multiphoton-
type organic EL element having two light emitting units. An
organic EL panel of Example 3 has the same configuration
as of Example 1 except that a first light emitting unmit EMU1
1s additionally provided between the hole imjection layer
HIL and the anode 12 1n the organic EL element. The light
emitting unit (EMU) 1s constituted by a laminate of the hole
injection layer HIL, the hole transport layer HTL, the
light-emitting layer EML, the electron transport layer ETL,
the first metal layer 21, and the p-type oxide layer 22. The
first light emitting unit EMU1 has the same structure and
composition as the light emitting umt included 1n Example
1.

FIG. 5 1s a schematic cross-sectional view of an organic
EL panel of Example 3. In an organic EL panel D 1llustrated
in FI1G. 5, an organic EL element 4 provided on the substrate
11 includes, 1n the order from the substrate 11 side, the anode
12, the hole mjection layer HIL, the hole transport layer
HTL, the light-emitting layer EML (second light-emitting
layer), the electron transport layer ETL (second electron
transport layer), the first metal layer 21 (third metal layer)
and the p-type oxade layer 22 (second p-type oxide layer),
the hole 1injection layer HIL, the hole transport layer HTL,
the light-emitting layer EML, the electron transport layer
ETL, the first metal layer 21 and the p-type oxide layer 22,
the second metal (Al) layer 23, and the transparent cathode
(ITO) 13. The laminate of the hole injection layer HIL, the
hole transport layer HTL, the light-emitting layer EML, the
clectron transport layer ETL, the first metal layer 21, and the
p-type oxide layer 22 on the anode 12 side corresponds to
the first light emitting unit EMUI1, and the laminate of the
hole mjection layer HIL, the hole transport layer HTL, the
light-emitting layer EML, the electron transport layer ETL,
the first metal layer 21, and the p-type oxide layer 22 on the
transparent cathode 13 side corresponds to a second light
emitting unit EMU?2.

The first metal layer 21 and the p-type oxide layer 22
(L1/MoQO,) 1n each of the first and second light emitting units
EMUI1 and EMU2 serve as charge generating layers (CGL)
between the light emitting units. MoQO; 1s a material that can
emit, as a charge generating layer, holes and electrons to the
adjacent layers. Combination of the MoO, layer with the L1
layer enables injection of electrons and holes to the light
emitting units with hardly any barner.

The first light emitting unit EMU1 used a blue lumines-
cent material as a dopant and the second light emitting unit

EMU?2 used a red luminescent material as a dopant.
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The present example has a tandem structure achieved by
adding the first light emitting unit EMU1 to the structure of
Example 1. Still, a tandem structure may be achieved by
adding the first light emitting unit EMU1 to the structure of
Example 2.

Comparative Example 1

Comparative Example 1 1s the same as Example 1 except
that no second metal layer 1s provided between the p-type
oxide layer and the transparent cathode. In other words,
Comparative Example 1 1s the same as Example 2 except
that no mixture layer 1s provided between the p-type oxide
layer and the transparent cathode.

FIG. 6 1s a schematic cross-sectional view of an organic
EL panel of Comparative Example 1. In an organic EL panel
P 1llustrated 1n FIG. 6, an organic EL element 6 provided on
a substrate 111 includes, 1n the order from the substrate 111
side, an anode 112, the hole injection layer HIL, the hole
transport layer HTL, the light-emitting layer EML, the
clectron transport layer ETL, a first metal (L1) layer 121, a

p-type oxide (MoQO,) layer 122, and a transparent cathode
113.

Comparative Example 2

Comparative Example 2 1s the same as Comparative
Example 1 except that in the organic EL element, the first
metal layer 21 1s changed from the L1 layer to a 0.5-nm-thick
lithium fluornide (L1F) layer and the p-type oxide layer 22 1s
changed to a 1-nm-thick MgAg alloy layer. In order to emat
light from the transparent cathode side, the MgAg alloy
layer needs to be thin. Thus, 1t was 1 nm thick.

FIG. 7 1s a schematic cross-sectional view of an organic
EL panel of Comparative Example 2. In an organic EL panel
Q 1illustrated 1n FIG. 7, an organic EL element 7 provided on
the substrate 111 includes, 1n the order from the substrate 111
side, the anode 112, the hole mjection layer HIL, the hole
transport layer HTL, the light-emitting layer EML, the
clectron transport layer ETL, a LiF layer 131, a MgAg alloy
layer 132, and the transparent cathode 113.
|[Evaluation Test 1}

For the respective organic EL panels A, B, C, P, and Q of
Examples 1 to 3 and Comparative Examples 1 and 2, the
driving voltage at a luminance of 1000 cd/m* was measured.
The driving voltage was measured using an FPD module
measurement device (MD series, Otsuka E

Electronics Co.,
Ltd.) equipped with a luminance colorimeter (BM-3A, Top-
con Technohouse Corp.) used as a detector.

The measurement shows that the driving voltages of the
organic EL panels A and B of Examples 1 and 2 were 3.0 V
and the drniving voltage of the organic EL panel P of
Comparative Example 1 was 3.2 V. The organic EL panel O
of Comparative Example 2 emitted hardly any light.

Therefore, the driving voltages 1n Examples 1 and 2 were
more decreased than 1n Comparative Example 1. The dniving
voltages 1n Examples 1 and 2 are on the same level as that
of a bottom emission (BE) structure having the same con-
figuration, and thus an increase in the voltage due to the top
emission (IE) structure 1s prevented. This 1s presumably
because the second metal (Al) layer 23 of Example 1 and the
mixture (a.-NPD+MoQO,) layer 24 of Example 2 serve as
protecting layers and almost prevent damages during for-
mation of the ITO films. The reason why the organic EL
panel of Comparative Example 2 emitted hardly any light 1s
presumably because the thin MgAg alloy layer 132 was
damaged during formation of the I'TO film, and this affected
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the LiF layer 131, the electron transport layer ETL, and the
organic layers below the electron transport layer ETL.

It 1s confirmed that the modified examples of Examples 1
and 2 can achieve the driving voltages equal to those 1n
Examples 1 and 2.
|[Evaluation Test 2]

For the respective organic EL element C, first light
emitting unit EMU1, and second light emitting unit EMU2
of Example 3, the driving voltage with a current of 2 mA was
measured. The measurement shows that in Example 3, the
driving voltage of the organic EL element C was 6.6 V, the
driving voltage of the first light emitting unit EMU1 was 3.3
V, and the driving voltage of the second light emitting unit
EMU2 was 3.2 V. Theretfore, 1t 1s confirmed that the tandem
structure caused hardly any voltage loss.

Remarks

The following gives examples of preferred embodiments
of the organic EL panel according to the present invention.
The examples may be employed in any appropriate combi-
nation as long as the combination 1s not beyond the spirit of
the present ivention.

The absolute value of the work function (WF) of the first
metal layer 1s preferably smaller than the absolute value of
the lowest unoccupied molecular orbital (LUMO) energy of
the electron transport layer. This enables transport of elec-
trons from the first metal layer to the electron transport layer
without any barrier.

The second metal layer may be provided between the
p-type oxide layer and the transparent cathode. This enables
sulicient prevention ol damages on the electron transport
layer and the layers formed before the electron transport
layer during formation of the transparent cathode.

The mixture layer may be provided between the p-type
oxide layer and the transparent cathode. This also enables
suilicient prevention of damages on the layers formed before
the electron transport layer during formation of the trans-
parent cathode.

The organic electroluminescent element may include, in
the order from the substrate side, a second light-emitting
layer, a second electron transport layer, a third metal layer,
and a second p-type oxide layer, between the anode and the
light-emitting layer. This provides a multiphoton-type
organic EL element having two or more light emitting units.
MoO; can emit, as a charge generating layer, holes and
clectrons to the adjacent layers. In combination with Li,
MoQO; can 1nject electrons and holes to the light emitting
units with hardly any barrier.

The absolute value of the work function (WF) of the third
metal layer 1s preferably smaller than the absolute value of
the lowest unoccupied molecular orbital (LUMO) energy of
the second electron transport layer. This enables transport of
clectrons from the third metal layer to the second electron
transport layer without any barrier.

REFERENCE SIGNS LIST

11, 111: substrate

12, 112: anode

13, 113: transparent cathode

21: first metal layer

22: p-type oxide layer

23: second metal layer

24: mixture layer

1,2, 3,4, 6,7, 8: organic electroluminescent element
A, B, C, D, P, Q, R: organic electroluminescent panel
EIL: electron injection layer

ETL: electron transport layer
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HIL: hole injection layer
EML: light-emitting layer
HTL: hole transport layer

The mvention claimed 1s:

1. An organic electroluminescent panel comprising:

a substrate; and

an organic electroluminescent element provided on the
substrate,

the organic electroluminescent element being a top emis-
sion element that includes, 1n the order from the sub-
strate side:

an anode;

a light-emitting layer;

an electron transport layer;

a first metal layer;

a p-type oxide layer; and

a transparent cathode, wherein

the top emission element being configured to emit light
from the transparent cathode side,

the light-emitting layer and the electron transport layer
cach being formed from an organic material,

a mixture layer of a p-type oxide and a hole transport
material being provided between the electron transport
layer and the transparent cathode, and

the mixture layer 1s provided between the p-type oxide
layer and the transparent cathode.

2. The organic electroluminescent panel according to

claim 1,

wherein the absolute value of a work function of the first
metal layer 1s smaller than the absolute value of a
lowest unoccupied molecular orbital energy of the
clectron transport layer.

3. The organic electroluminescent panel according to

claim 1,

wherein the second metal layer i1s provided between the
p-type oxide layer and the transparent cathode.

4. The organic electroluminescent panel according to

claim 1,

wherein the organic electroluminescent element com-
prises, 1n the order from the substrate side, a second
light-emitting layer, a second electron transport layer, a
second metal layer, and a second p-type oxide layer,
between the anode and the light-emitting layer.

5. The organic electroluminescent panel according to

claim 4,

wherein the absolute value of a work function of the
second metal layer 1s smaller than the absolute value of
a lowest unoccupied molecular orbital energy of the
second electron transport layer.

6. The organic electroluminescent panel according to

claim 1,

wherein the organic electroluminescent element includes
a hole injection layer between the anode and the
light-emitting layer, and the mixture layer 1s made of
the same material as a material of the hole injection
layer.

7. The organic electroluminescent panel according to

claim 1,

wherein the mixture layer 1s a p-doped layer formed by
co-deposition of an organic hole 1njection material and
the p-type oxide.

8. The organic electroluminescent panel according to

claim 7,
wherein the organic hole imjection material 1s a-NPD.
9. The organic electroluminescent panel according to
claim 7,
wherein the p-type oxide 1s molybdenum trioxide.
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10. The organic electroluminescent panel according to
claim 1,
wherein the mixture layer 1s provided between the first
metal layer and the p-type oxide layer.
11. The organic electroluminescent panel according to
claim 1,
wherein the mixture layer 1s provided between the elec-
tron transport layer and the first metal layer.
12. The organic electroluminescent panel according to
claim 7,
wherein an amount of the p-type oxide in the mixture
layer 1s 10 to 50% by weight.
13. The organic electroluminescent panel according to
claim 7,
wherein an amount of the p-type oxide in the mixture
layer 1s 15 to 25% by weight.
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